Introduction
In a recently com pleted investigation o f the con stituents o f the wing gland an d ab d o m in al hair pencil secretions o f the m ale A frican sugarcane borer, Eldana saccharina W alker, the results o f w hich were repo rted in a prelim inary no te [1] , a group o f five co m p o u n d s having the sam e m olecu lar m ass an d sim ilar m ass spectra, rem ained u n identified, since th eir m ass spectra afforded insuf ficient stru ctu ral in fo rm atio n . A lth o u g h these com ponents did n o t elicit any electroantennographic (E A G ) response in gas ch ro m ato g rap h ic analyses w ith F ID /E A G detection (G C -E A D ), and therefore p ro b ab ly have no direct sem iochem ical function, their peculiar m ass spectral properties pro m p ted us to determ ine their structures.
Experimental
General P upae o f the insect u nder investigation were sexed and the m ale pu p ae m ain tain ed in environ m ental cham bers using a 12 h at 26 °C an d 12 h at 18 °C tem p eratu re cycle. T o prevent p rem ature exReprint requests to Prof. B. V. Burger.
Verlag der Zeitschrift für N aturforschung, D-7400 Tübingen 0939-5075/91/0700-0678 $01.30/0 trusion o f the hair pencils, the emerged m o th s were exposed to constant light regime. A b o u t 24 h after the m oths had emerged, they were anaesthesized w ith chloroform v apour for the collection o f the hair pencil secretion. A pplying slight pressure to the abdom en o f a male resulted in a g rad u al ex tru sion o f its abdom inal h air pencils w hich were re m oved w ith a pair o f ophthalm ic scissors before they were fully everted and allowed to fall into a Reacti-V ial w ith dichlorom ethane (M erck, R esi due A nalysis G rade). The hair pencils o f a th o u sand m ales were collected in a total volum e o f 10 ml o f dichlorom ethane. The extract w as filtered th rough a small sintered glass filter at 3000 r.p.m . in a centrifuge and the filtrate concentrated in a purified (activated charcoal) nitrogen atm osphere. T o elim inate heavy waxes w hich were expected to ham per the isolation o f individual com ponents, this extract was subjected to a prelim inary p re p a r ative gas chrom atographic separation on a PerkinElm er 900 gas ch ro m ato g rap h fitted w ith a short packed colum n [1.7 m x 8 m m glass, 2.5% SE-30 on 6 0 -8 0 m esh C hrom osorb W AW D M C S , 15 ml H 2/m in, effluent splitter 9 :1 , tem perature p ro gram m ed at 2 °C/m in from 4 0 -2 5 0 °C and held isotherm ally at 200 °C (5 m in), 220 °C (5 min), 230 °C (5 min), 240 °C (10 min) an d 250 °C (5 min)]. T he effluent fractions were collected in 1 ml quantities o f dichlorom ethane. C apillary gas ch ro m ato g rap h ic analysis o f each fraction showed the co m p o u n d s und er investigation to be present in the fractio n collected at 2 3 0 -2 4 0 °C (10 min). P reparativ e isolation o f the individual com ponents in this fractio n was carried o u t with the above gas ch ro m ato g ra p h fitted w ith a w ide-bore capillary colum n [35 m x 0.6 m m glass, coated w ith PS-255 at a film thickness o f 2.0 |xm, 15 ml H 2/m in, tem p eratu re pro g ram m ed at 12 °C/m in from 4 0 -2 0 0 °C an d at 1 °C /m in from 2 0 0 -2 5 0 °C (hold)]. F o u r co m ponents were collected in stainless-steel needles, rinsed into Reacti-V ials with benzene-d6 an d tran sferred first to precision 1.7 m m sam ple tubes for prelim inary recording o f 'H N M R spectra at 80 M H z on a V arian FT-80 N M R spectrom eter an d subsequently to 5 m m sam ple tubes for detailed 'H an d 13C N M R a n a lyses at respectively 300 M H z and 75 M H z on a V arian V X R -300 N M R spectrom eter.
A nalytical gas ch ro m ato g rap h ic analyses were carried o u t w ith a C arlo E rb a 4160 gas c h ro m a to g raph equipped w ith a flam e ionization detector and fitted w ith a glass capillary colum n (40 m x 0.3 m m ) coated w ith PS-255 at a film thickness o f 1.0 [im. H elium was used as carrier gas at a linear velocity o f 28.6 cm /s and the colum n was tem p eratu re pro g ram m ed at 2 °C /m in from 4 0 -2 4 0 °C. E l and C l m ass spectra were obtained by G C -M S analyses o f the extract on V arian M A T 311 A, F in n ig an 4510, and C arlo E rba Q M D 1000 m ass spectrom eters, using the colum n and gas ch ro m ato g rap h ic param eters specified above.
T he locatio n o f the d ouble bond in the side chain o f each o f the isolated constituents was established by m icroozonolysis according to the m ethod o f B eroza and Bierl [2] and gas c h ro m a to graphic identification o f the alkanal derived from the term inal p o rtio n o f the side chain.
2-( Z-8-P entadecenyl) -4-hydroxym ethyl-1,3-dioxolanes
A solu tio n o f 1-m onooctanoyl-rac-glycerol (41 mg), Z -9-hexadecenal (45 mg) and toluene-4-sulfonic acid (1 mg) in benzene (2 ml) was re fluxed for 2 h, traces o f m oisture in the reagents and the w ater form ed in the condensation reaction being rem oved azeotropically. A fter cooling the reaction m ixture, it was diluted w ith ether, w ashed successively w ith satu rated aqueous N a H C 0 3 and w ater, an d dried on N a 2S 0 4. Rem oval o f the drying agent and ev ap o ratio n o f the solvent at re duced pressure, gave a viscous residue w hich was saponified to rem ove the protective ester group.
The p ro d u ct o f the co ndensation reaction was dissolved in m ethanol (2 ml), treated w ith a solu tion o f K O H (40 mg) in w ater (0.1 ml) and the reaction m ixture stirred m agnetically a t room tem p eratu re for 24 h. T he resulting deprotected acetals were extracted w ith ether, the ex tract washed free from alkali w ith w ater an d dried on N a 2S 0 4. The norm al w ork-up procedure gave an oily resi due (56 mg) w hich, according to G C -M S analysis, consisted o f a practically pure m ixture o f four cyclic acetals, all o f w hich show ed a base peak at m /z 103.
2-( Z-8-pentadecenyl) -5-hydroxy-1,3-dioxanes
C o n densation o f 2-m onohexadecanoylglycerol (50 mg) and Z -9-hexadecenal (45 mg) as described for the p rep a ra tio n o f the dioxolanes above, gave a p ro d u ct which, according to 13C N M R analysis, contained substituted dioxolanes as well as the ex pected substituted dioxanes. R em oval o f the p ro tective ester group as described before, gave a m ix ture o f cyclic acetals, containing the acetals present in the tail brush secretion w ith the dioxolanes as the m ajor products.
As the substituted dioxolanes, unexpectedly, were the m ajor constituents o f this condensation, it w as repeated in a N M R sam ple tube and the progress o f the reaction followed by m onitoring the resonance o f the aldehyde p ro to n . 2-M onohexadecanoylglycerol (100 mg) was suspended in a solution o f Z -9-hexadecenal (44. 
Results and Discussion
The base peak at m /z 103 in the E l m ass spec tru m o f one o f the five con stitu en ts u n d er discus sion, has a m uch low er relative ab u n d an ce th an th a t o f the other fo u r co nstituents. T his co n stitu ent is, fu rtherm ore, only observed in the first two or three G C or G C -M S analyses w ith a new col um n. A pparently it is either sensitive to co n tam i nants rem aining in th e colum n, o r it elutes as such a b ro a d peak as to be indistinguishable from the baseline hum p in this p a rt o f the ch ro m ato g ram , its elution as a sharp peak being dep en d en t on very specific colum n properties o r requirem ents th a t are only m et in a new colum n. A s in the case o f the o th er fo u r constituents, the m ass spectrum o f this co m p o u n d contains very little stru ctu ral in fo rm a tion an d it was clear th a t the c o m p o u n d 's u n p re dictable gas ch ro m ato g rap h ic b eh av io u r p ro h ib it ed its isolation by p rep arativ e gas c h ro m a to g ra phy. O u r efforts w ere therefore co n cen trated on the elucidation o f th e stru ctu res o f the o th e r four com pounds. As the m ass spectra o f some diethyl acetals have a strong peak at m /z 103 which can be ascribed to (C H 3C H 20 ) 2C H +, these com pounds were initially presum ed to be isom eric hexadecenal diethyl ace tals. H ow ever, this structural assignm ent ap peared to be untenable, as their spectra do n ot have a peak at m /z 267, attrib u tab le to the expected facile expulsion o f an ethoxyl radical from the m olecular ion a t m /z 312. Based on the assum ption th a t the ion at m /z 103 probably derives its exceptional sta bility from a cyclic structure, an d th a t the ion at m /z 220 m ay be form ed by a direct o r stepwise loss o f the elem ents o f glycerol from the m olecular ion, the presence o f a cyclic acetal structure derived from glycerol was postulated.
As their m ass spectra shed no fu rth er light on the structures o f these com pounds, they were iso lated by preparative gas ch ro m ato g rap h y for N M R analysis. The resulting ,3C N M R d a ta (T a bles II und IV) can be reconciled w ith the presence in these com pounds o f an u n b ranched pentadecenyl group having a double bond w ith Z co n fig u ra tion in either position 7 or 8. As it is im possible to determ ine the position o f a double bond near the m iddle o f such a long-chain alkenyl gro u p by N M R , m icroozonolysis w as em ployed to obtain this in fo rm atio n . U sing this m ethod the alkenyl group w as established to be 8-pentadecenyl in all four o f the com p o u n d s.
T he triplets a t 5 4.838 (1 H ) and 5 4.973 (1 H ) in the spectra o f co m p o n en ts 7393 and 7513 respec tively, can be a ttrib u te d to the acetal function in a 2,4-disubstituted 1,3-dioxolane ring [3] , the fo rm a tion o f w hich w ould involve two vicinal hydroxyl groups of, fo r exam ple, glycerol, and the presence o f tw o isom eric 1,3-dioxolanes can then be inter preted in term s o f cis a n d trans substitu tio n o f the 5-m em bered ring. In fo rm a tio n obtained from the ,3C N M R spectra o f these two com ponents (T a  ble -cr
The relevant 'H N M R in fo rm atio n is given in T able I. The signal o f the p ro to n H G o f the cis iso m er is expected a t higher field th a n the co rre sponding signal for the trans isom er [3, 4] , T hus the resonances at 5 4.838 an d 8 4.973 in the respec tive spectra o f these tw o com p o n en ts can be taken as evidence in fav o u r o f the above configu rational assignm ent. T his conclusion is su b stan tiated by the observation o f the p ro to n H A a t 8 3.786 If it is assum ed th a t the above-m entioned rule also holds for a solution o f the cis isom er 7393 in benzene-J6, i.e. th a t the m ore deshielded C-5 p ro to n is trans w ith respect to the C-2 p ro to n , the sig nals at 8 3.626 an d 8 3.493 can be assigned to the C-5 p ro to n s H B a n d H c respectively, in w hich case the observed coupling co n stan ts, V AC = 7.23 H z and V AB = 5.20 H z, are in line w ith the general tren d 3/ syn > V anti fo r the cis co m pounds. T he ex pected relationship V syn < V anti [4] is observed for the trans co m p o u n d 7513 (V AC < V AB). U sing benzene-d6 as solvent a chem ical shift difference o f 0.135 ppm is fo u n d for the p ro to n H G in the cis and trans isom ers, i.e. slightly larger th a n the dif ference o f 0. [7] .
The two rem aining m em bers o f the gro u p o f four com pounds u n der discussion elute a t scan num bers 7323 and 7665 in the T IC given in Fig. 1 . As a w orking hypothesis these co m p o u n d s were presum ed to be tw o isom eric 2,5-disubstituted 1,3-dioxanes, i.e. six-m em bered cyclic glycerol acetals o f an aldehyde which, according to m icroozonolysis experim ents and 13C N M R d a ta , had to be Z-9-hexadecenal.
The 'H N M R spectrum o f co m p o n en t 7323 was simplified be decoupling the C-5 p ro to n a t 8 2.97. The resulting spectrum contained an unchanged triplet at 8 4.308 ( / = 5.13 Hz, 1 H ) as well as tw o collapsed sets o f splitting p a tte rn s a t 8 3.3 and 8 3.8 which integrated for four p ro to n s. D ue to the sym m etrical natu re o f these p a ttern s an A A 'B B ' spectrum was sim ulated [6] to m atch the observed p atterns in the decoupled spectrum . T he fully co u pled patterns were then sim ulated as the A A 'B B ' p a rt o f an A A 'B B 'C spectrum . T he resulting d a ta (Table III) ence spectra o b tain ed on satu ratio n o f the C-2 p ro to n (H d) show ed a N O E for the axial p rotons on C-4 (H a) and C-6 (H A) only. As this is only possible w ith the C-2 p ro to n (H D) in the axial posi tion, the cw -2,5-disubstituted 1,3-dioxane struc ture 3 could be assigned to co m ponent 7323. Simi larly, the 'H N M R spectrum o f com ponent 7665 co n tain s tw o sets o f widely spaced sym m etrical splitting p attern s w hich could be sim ulated as p art o f an A A 'B B 'C spectrum (T able III). The relative ly large values o f V AC = 10.41 and V BC = 5.21 Hz suggests th a t the p ro to n on C-5 (H c) has to occupy the axial position on this carb o n atom . N O E dif ference spectra show ed th a t also in this com pound the p ro to n o n C-2 is in the axial position, as a N O E was observed once again between this p ro ton and the axial p ro to n s H A and H A, on C-4 and C-6 respectively. T his co m ponent therefore possesses the /rans-2,5-disubstituted 1,3-dioxane structure 4. In b o th o f these dioxanes a co n fo rm a tion is preferred w ith the alkenyl group on C-2 in an eq u ato rial position.
In structure 3 the fo rm atio n o f stable in tram o le cular hydrogen b o nds betw een the hydroxyl group and the tw o ring oxygen atom s m ight co ntribute to stabilize this c o n fo rm a tio n in w hich the hydroxyl is in an axial position. M ost likely the presence o f strong in tram o lecu lar hydrogen bonding in this isom er is also responsible for a gas c h ro m ato graphic retention tim e w hich is m uch shorter th an th a t o f the isom er w ith its hydroxyl group in the equatorial position.
The 'H N M R d a ta for the tw o dioxanes 7323 and 7665 are sum m arized in T able III. In T able IV the 13C N M R d a ta for these com pounds are co m pared w ith sim ulated and published data. The as signm ent o f the cis configuration to com pound 7232 is substan tiated by the satisfactory agreem ent o f its ,3C N M R -d a ta w ith the d a ta retrieved for c«-2-hexyl-l,3-dioxan-5-ol [16] . In accordance w ith the result obtained for the dioxolanes, C-2 ex hibits a larger deshielding in the cz's-dioxane.
Final confirm ation o f the structures assigned to these constituents o f the ab d o m in al h a ir pencil se cretion o f the insect w as sought be selective syn thesis o f the dioxolanes and dioxanes using gly cerol derivatives w ith ap p ro p riately protected hydroxyl groups. A cid-catalyzed co n d en satio n o f Z-9-hexadecenal w ith I-m onooctanoyl-rac-glycerol, followed by saponification to rem ove the p ro tective groups and isolation o f the p ro d u c ts under alkaline conditions, yielded a m ixture o f all four o f the cyclic acetals w ith the tw o dioxolanes 1 and 2 as the m ajo r prod u cts (Fig. 3 A) . H ow ever, a sim i lar experim ent in w hich 2-m onohexadecanoylglycerol and Z -9-hexadecenal were used as starting com pounds, did not give the expected cis an d trans dioxanes as the m ajo r p ro d u cts, b u t pro d u ced a reaction p ro d u ct co n tain in g the fo u r acetals in roughly the sam e q u an titativ e ratio as before. The reaction tim e o f approxim ately 2 h w hich is usual ly allowed for the co n d en satio n [5, 9] , is pro b ab ly unnecessarily long, allow ing acid-catalyzed re a r rangem ent, leading to a th erm odinam ically equili- brated m ixture o f the acetals, to take place. It has furtherm ore been found th a t the use o f acid c a ta lysts favours the form ation o f the dioxolanes [10] . The latter condensation was therefore repeated in a N M R sam ple tube in o rder to m o n ito r the p ro gress o f the reaction. D ue to the low solubility o f 2-m onohexadecanoylglycerol in benzene, the reac tion m ixture was n ot hom ogeneous at the start o f the experim ent. H ow ever, w ithin 5 m in at 80 C the glycerol derivative had dissolved and the alde hyde resonance had substantially decreased. A fter a further 5 min at the sam e tem perature, the c o n densation was practically com plete.
A detailed N M R analysis show ed th a t su b stitu t ed dioxolanes were the m ajor p roducts o f the reac tion. This was confirm ed by a G C -M S analysis o f the deprotected cyclic acetals. The resulting T IC is show n in Fig. 3 B. A lthough it m ight be possible to p rom ote the form ation o f the dioxanes to a certain extent by using o th er reaction conditions th an those w hich had to be used in the N M R sam ple tube, it seems unlikely th a t this synthetic route will produce dioxanes free from the isom eric d io x o lanes. Nevertheless G C -M S and N M R analyses showed th a t these condensation reactions p ro duced the four acetals identified in the tail brush secretion and proved their basic structures as far as the ring size, chain length, as well as the position and configuration o f the double bond are co n cerned.
A ccording to their 'H N M R spectra, the acetals isolated from the tail b rush secretion in benzene-£/6 contained small quantities o f w ater, p robably in troduced during sam ple handling a n d dilution. Sealed o ff in N M R tubes the individual acetals did n ot show any sign o f rearrangem ent over a period o f m ore th an three years at room tem perature. N either did heating the sam ples at 80 °C for a few hours have any effect. H ow ever, on ad dition at room tem perature o f /?-toluenesulphonic acid to a sam ple o f the c/s-dioxane 3 containing 33% o f the c/s-dioxolane 1 and 5% o f the /rans-dioxolane 2, the concentration o f the dioxolanes decreased to give the pure dioxane 3 after 36 h. It is possible th a t this com pound is favoured at room tem p era ture as it is stabilized by the hydrogen bonding be tween the hydroxyl group and the ring oxygen atom s m entioned above. O n heating the acidified sam ple at 80 °C for 2 h the signals o f the dioxolanes reappeared and the dioxolane structures therefore ap p ear to be favoured at higher tem peratures, in agreem ent w ith their preferential form ation in the syntheses o f the cyclic acetals in boiling benzene. In gas ch ro m ato g rap h ic analyses, direct solventless in tro d u ctio n , tem peratu re-p ro g ram m ed in tro d u ctio n , and injection o f extracts o f the tail brush secretion p roduced virtually identical q u a n titative ratio s o f the four acetals, the only excep tion being the elution o f a m ajor, unidentified con stituent along w ith the four acetals on injection o f the tail brush ex tract on a new colum n. Such a gas ch ro m ato g ram was included in o u r earlier paper [1] and this explains the difference between the elu tion profiles in the cyclic acetal region in o ur ear lier p ap er an d in Fig. 1 . In the absence o f acid the acetals a p p e a r to be stable as they were isolated by p rep arativ e gas c h ro m ato g rap h y and were collect ed in reasonably pure form after they had passed th ro u g h a stainless-steel section o f the outlet m ani fold o f the gas ch ro m ato g rap h a t 250 °C.
In 1949 V ogt [11] reported the isolation from horse intestine o f an acidic phospholipid which he nam ed D arm sto ff, and which was capable o f ef fecting sm o o th m uscle co n tractio n . O n the basis o f ch ro m ato g rap h ic evidence it was suggested th at the active principle was a long-chain cyclic glycerol acetal p h o sp h ate 5 [12, 13] . D a rm sto ff w as subse q uently found in o th er m am m alian and am phibian organs [14] an d it was found to consist o f a m ixture o f 2-alkyl-and 2-alkenyl-4-hydroxym ethyl-l,3-dioxolanedihydrogen p h o sp h ate esters, the 2-alkyl and -alkenyl residues being derived prim arily from hexadecanal and Z -9-octadecenal [15] . The sm ooth m uscle co n tractin g activity was show n to reside exclusively in the Z -9-octadecenal deriva-
